INTRODUCTION
The Clark Mountain area of southern Nevada and California lies in an exceptional position in the western Cordillera: The north-south-trending, east-directed Clark Mountain thrust complex, which forms the easternmost part of the Cordilleran fold and thrust belt at this latitude, intersects the northwest-trending Mesozoic magmatic arc (Fig. 1) . (We here include Clark Mountain, the Mescal Range, and the Ivanpah Mountains in the Clark Mountain area.) The structural style within the Clark Mountain thrust complex is a blend of both foreland and hinterland deformational styles (Burchfiel and Davis, 1971 Davis, , 1981 Davis, , 1988 . The complex, over a cross-strike distance of Ͻ10 km, contains brittle, thin-skinned thrusts that carry both miogeoclinal and cratonal strata, and older, higher, and more ductile thrusts that involve Precambrian basement rocks and Mesozoic plutons. North from the Clark Mountains typical thin-skinned, east-directed thrusts along the eastern margin of the Cordilleran fold and thrust belt are clearly separated from more ductile structures within the coeval magmatic arc that lies tens of kilometers to the west. To the south, all contractile structures involve Precambrian basement and Mesozoic plutons.
The timing of deformation in the Clark Mountain area has remained somewhat uncertain. Previously, some thrusts were considered to be older than 200 Ma Davis, 1971, 1981) and other structures were dated only as pre-Late Cretaceous. In this paper we report new U-Pb zircon ages from pre-and postkinematic plutons from different structural positions within the Clark Mountains thrust complex. These new data better define the regional development of the Cordilleran magmatic arc and the timing of hinterland and foreland deformation at this latitude.
GENERAL GEOLOGY OF THE CLARK MOUNTAIN THRUST COMPLEX
The Clark Mountain thrust complex contains (1) an eastern autochthon of rocks of Precambrian basement rocks and a cratonal sedimentary succession that ranges in age from Cambrian (Tapeats Sandstone) to Cretaceous (volcanic and sedimentary rocks) and (2) allochthons of Precambrian basement rocks, Precambrian to Cretaceous sedimentary and volcanic rocks, and Mesozoic plutonic rocks. The sedimentary rocks lie within the transition zone between thin Paleozoic sequences with cratonal affinities (east and southeast) and upper Precambrian and early Paleozoic strata of miogeoclinal character (west and northwest). Mesozoic strata are present only in the eastern part of the complex and consist of Triassic to Middle Jurassic marine and terrigenous clastic rocks and Jurassic(?) and Cretaceous volcanic rocks. A more detailed stratigraphic description is presented elsewhere Davis, 1971, 1981; Fleck et al., 1994) . The thrust belt is intruded by numerous Jurassic and Cretaceous plutonic rocks in the southern and western parts of the complex. Ages for Jurassic plutonic rocks are presented below. Cretaceous plutons are part of the Teutonia batholith, and its outliers dated between 71 and 97 Ma (Beckerman et al., 1982; DeWitt et al., 1984) .
Structures in the Clark Mountain thrust complex include Mesozoic east-northeastdirected thrust faults, folds, and high-angle faults and faults related to Tertiary extension. The structurally lowest thrust in the complex is the Keaney/Mollusk Mine thrust, the easternmost major thrust fault in the GSA Bulletin; June 1995; v. 107; no. 6; p. 742-750; 6 figures; 1 table.
Cordilleran fold and thrust belt at this latitude. Major thrust faults in ascending structural sequence (and from east to west) include the Keaney/Mollusk Mine (formerly, but erroneously, correlated with the Keystone thrust of the Spring Mountains, Nevada), Mesquite Pass, Mescal, Pachalka, and Winters Pass thrust faults (Fig. 2) . The latter two faults are considered correlative Davis, 1971, 1988) . These faults vary in structural style from brittle, decollement thrusts that involve only sedimentary rocks (Keaney/Mollusk Mine) to ductile thrusts that carry crystalline basement and plutonic rocks (Mesquite Pass, Pachalka/Winters Pass). The Pachalka/Winters Pass thrust is the structurally highest thrust in the Clark Mountain thrust complex and carries Jurassic plutonic and Precambrian crystalline basement rocks in its hanging wall. Major Mesozoic high-angle faults include the Kokoweef and South faults that juxtapose eastern Precambrian cratonal basement against Cambrian to Cretaceous strata (e.g., Fig. 6, below) .
Tertiary structures that strongly overprint Mesozoic structures in the Clark Mountain complex include the Kingston Range detachment fault and several low-angle normal and strike-slip faults (Burchfiel and Davis, 1988; Davis et al., 1993) . Extensional faults can be distinguished from contractile ones based on their structural style and westward sense of displacement. The normal faults, although locally subparallel to the thrust faults, have brecciated and shattered hanging walls, hanging-wall-down-to-the-west sense of shear, and extensively deform Tertiary sedimentary and igneous rocks. The normal faults do not greatly disrupt the arrangement of the Mesozoic contractile structures.
STRUCTURAL GEOLOGY AND AGE DATA
The determination of the timing of deformation for Mesozoic structures within the Clark Mountain thrust complex is made possible by mapped relations among the structures and dated pre-and postkinematic plutonic bodies. Below we present five new U-Pb zircon ages for plutonic bodies in the Clark Mountain area. Ages are given in reference to particular structural domains, so more detailed descriptions of individual structures are given below as well, along with previously determined ages for pertinent igneous rocks.
Pachalka Thrust
The Pachalka thrust is a ductile east-directed thrust fault exposed on the west side of Clark Mountain (Figs. 2 and 3; Davis, 1971, 1988) . The thrust places granitic rock on folded Cambrian strata. The thrust contact is very sharp and mylonitic rocks associated with the thrusting extend more than 100 m into the hanging wall and more than 30 m into the footwall. The mylonitic stretching lineation plunges shallowly S80ЊW, and S-C fabrics in mylonitic gneisses record top-to-the-east sense of shear.
Footwall rocks contain east-overturned folds below and east of the thrust contact ( Fig. 3) and have a well-developed axial plane cleavage. About 1.5 km east of the thrust trace, the folds become more upright and cleavage is less well developed. Because of similar trend, continuity, and eastward gradation from overturned to upright, all of these folds are interpreted to be related to emplacement of the Pachalka thrust. About 2 km east of the thrust trace, one of the synclines is intruded by the postkinematic Pachalka pluton (Fig. 3) . The contact aureole of this pluton overprints fabrics related to folding and, by our interpretation, related to the Pachalka thrust. These folds and the contact aureole are cut by younger thrust faults ( Fig. 3 ) that are themselves cut by 90 Ma plutons (J. Sutter, unpublished K/Ar dates).
The age of thrusting may be bracketed by the ages of the prekinematic granitic rocks in the hanging wall and the postkinematic Pachalka pluton. Hanging-wall plutonic rocks were previously considered to be Precambrian Davis, 1971, 1988) . Our study, however, indicates that they are Late Jurassic. We dated both the gneissic mylonitic hanging-wall rocks near the thrust (sample PSgn) and relatively undeformed granite with weakly developed fabric containing only minor quartz ribbons from about 30 m above the thrust (sample PS-92). Sample PSgn yields a lower intercept of 144.5 Ϯ 6 Ma (mean square of weighted deviates [MSWD] ϭ 2.8 using model 2 of Ludwig, 1990 ). Sample PS-92 yields a lower intercept of 147 Ϯ 24 Ma (MSWD ϭ 5.4 using model 2 of Ludwig, 1990) . These ages are the same within error and indicate to us that the deformation experienced in sample PSgn did not open the U-Pb system (e.g., Wayne and Sinha, 1988) . Because the two samples come from the same intrusive body, we combined the zircon data for both rocks to obtain a lower intercept age of 146 Ϯ 2 Ma ( Fig. 4 ; MSWD ϭ 6.5 using model 2 of Ludwig, 1990) .
The postkinematic Pachalka pluton (sample PS) yields a lower intercept of 142 Ϯ 7 Ma ( Fig. 4 ; MSWD ϭ 30 using model 2 of Ludwig, 1990) . There seems to be little effect from Pb loss because different magnetic fractions scatter in a nonsystematic manner about the regression line. Because both the deformed and undeformed plutons yield similar ages (within error of regression), we interpret these data to mean that the emplacement of the Pachalka thrust and the associated mylonitization and folding was active at about 144 Ma (latest Jurassic).
Late kinematic diorite bodies (unit bi in Fig. 3 ) are present across the Pachalka thrust. The diorite is undeformed in the hanging wall and footwall of the Pachalka thrust, but it is entrained and brittlely sheared along the thrust for about 150 m. Ages of 120.7 Ϯ 0.7 and 126.5 Ϯ 2.6 Ma were determined by K-Ar on hornblende for two samples of the diorite (R. Fleck, 1994, personal commun.) . The Ar system, therefore, seems somewhat disturbed: The minimum age for these rocks is about 130 Ma. This age is consistent with the U-Pb ages reported above.
A possible complication in the structural interpretation of the Pachalka thrust is the presence of a higher fault exposed to the south of the Pachalka pluton (Fig. 3) . This thrust is clearly younger than the Pachalka pluton, because it truncates its contact aureole. The thrust is ductile, and the thrustassociated shear zone is about 20 to 30 m thick. This fault is probably of small slip and coordinated with the Pachalka thrust: it contains a stretching lineation parallel to that of the Pachalka thrust. We therefore interpret this fault as a small thrust related to the Pachalka that occurred late in the movement history.
The Pachalka thrust age may also apply to other structures in the Clark Mountain area. The Pachalka thrust correlates with the Winters Pass thrust to the north. A 650-mthick section of folded and mylonitized upper Precambrian sedimentary rocks in the southwestern part of the thrust complex west of Striped Mountain is interpreted to be in the footwall of the Pachalka thrust (Burchfiel and Davis, 1988) . These correlations suggest that a significant amount of the shortening within the thrust complex as well as the involvement of crystalline basement and Mesozoic plutons in thrust faulting is of latest Jurassic age.
Ivanpah Pluton
The Ivanpah pluton is cut by several structures in the Ivanpah Mountains and the Mescal Range (Figs. 2 and 5) . These include the Morning Star Mine ductile shear zone, an anticline paired with the Kokoweef syncline, and the Keaney/Mollusk Mine thrust system. The Morning Star Mine structure is marked by mylonitic gneiss and appears to be east-directed although the shear sense is poorly defined: The shear zone is confined to the pluton and thus is clearly younger than the pluton. Contact metamorphosed Cambrian carbonate rocks are overturned below the pluton and similarly metamorphosed upper Paleozoic carbonate rocks are right side up above the pluton. We interpret these relations to mean that the Ivanpah pluton lies in the core of an eastward overturned anticline that is paired with the Kokoweef syncline lying 1 km to the east. The pluton continues 2 km to the north into the eastern Mescal Range, where the anticline-syncline pair is exposed in complex structural relations, and the Kokoweef syncline contains thrust-faulted and thrustfolded Cretaceous Delfonte volcanic rocks in its core (Fleck et al., 1994) . The pluton lies in the core of a north-plunging fold in which slices of upper Paleozoic and lower Mesozoic rocks lie above the pluton and are folded in the anticline-syncline pair (Fig. 6) . Folds, faults, and stratigraphic units in this complex fold pair are unconformably overlain by undated, but certainly Cretaceous, gently west-dipping, upright and unfolded arkosic strata along the west flank of the anticline and by channel conglomerate beds on the west limb of the synform. The anticlinesyncline pair and the thrusts that it folds are thus younger than the Ivanpah pluton and the mid-Cretaceous Delfonte volcanic rocks. The Kokoweef and South faults are high-angle faults that truncate all the postIvanpah pluton structures described above. All these complex structures, including the high-angle faults, are in the footwall of the Keaney/Mollusk Mine thrust system. The faults of the thrust system are planar and interpreted to be the youngest convergent structures in the area.
Samples from two phases of the Ivanpah pluton were analyzed for U-Pb on zircon (CM-1 and CM-2Ј; Fig. 4 and Table 1 ). The behavior of the zircon fractions from these samples shows evidence for an inherited component (Fig. 4) . Sample CM-1 yields a lower intercept age of 147 Ϯ 7 Ma (Fig. 4 ; MSWD ϭ 3 using model 2 of Ludwig, 1990) . Sample CM-2Ј yields a lower intercept age of 142 Ϯ 11 Ma (Fig. 4 ; MSWD ϭ 38 using model 2 of Ludwig, 1990) . These determinations agree within error, and we interpret the 147 Ϯ 7 Ma age as best representing the age for the Ivanpah pluton.
The age of the Ivanpah pluton clearly places a maximum age of 154 Ma on the Morning Star Mine shear zone. The relation of intrusion of the pluton to formation of the anticline-syncline pair, however, is less clear. Because the pluton intrudes overturned rocks on its eastern border but itself cores the large anticline, it may be interpreted as either synkinematic or prekinematic with respect to folding. New work of Fleck et al. (1994) , however, shows that the pluton is prekinematic. These authors have determined an age of 100.5 Ϯ 2 Ma on silicic ignimbrites in the Delfonte volcanics. Because the Delfonte volcanic rocks were first thrusted, then folded into the anticline-syncline pair and unconformably overlain by the channel conglomerate, it appears that the anticline-syncline pair must be younger than 100 Ma, and that the Ivanpah pluton is prekinematic with respect to both thrusting and folding. The Keaney/Mollusk Mine thrust, the youngest structure in the Clark Mountain thrust complex, can be followed south through the Stripped Hills and is almost certainly intruded by the Teutonia pluton, which has yielded various ages of 71-97 Ma. An age of ca. 93 Ma on the Teutonia of the adjacent New York Mountains was recently reported by Miller et al. (1994; U-Pb zircon) . Thus all the structures in the eastern Ivanpah Mountains and Mescal Range must have formed between the extrusion of the Delfonte volcanics (100 Ma) and intrusion of the Teutonia plutonic complex (ca. 93 Ma). 
DISCUSSION
The data presented above allow us to better bracket the age of the contractile deformation within most of the Clark Mountain thrust complex and to place it in a regional context. Because the Clark Mountain thrust complex lies at the intersection of the Sevier fold and thrust belt and the Mesozoic magmatic arc and its associated structural features, the Clark Mountain area is an ideal region to compare timing of arc, thrust-belt, and foreland deformational events. The Pachalka thrust formed as a ductile thrust carrying plutonic rocks of the magmatic arc in its hanging wall in the central part of the Clark Mountains thrust complex. It becomes a basement-involved, thin-skinned thrust farther north as the Winters Pass thrust. Thus it has the characteristics of both foreland and Sierran/intra-arc thrust styles.
Previous studies in the Sevier foreland fold and thrust belt have well-documented thrusting activity from middle Cretaceous through early Tertiary time in Utah (Armstrong and Oriel, 1965; Armstrong, 1968) . We conclude from our mapping and dates quoted above that thrusting ended by middle Late Cretaceous time (age of the Teutonia batholith; Beckerman et al., 1982; DeWitt et al., 1984) in the Clark Mountain thrust complex of southeastern California. Time of initiation of shortening in the Sevier thrust belt is somewhat more controversial. Armstrong and Oriel (1965) and Royse (1993) , for example, concluded that thrusting possibly began in latest Jurassic time, whereas Heller et al. (1986) considered it to have started in middle to late Early Cretaceous time, although some evidence is presented by those authors for a shortening event in eastern Nevada and northwestern Utah in Middle Jurassic time. Most of this controversy stems from the need to infer the age of thrusting from the sedimentary record in the foreland basin associated with the Sevier thrust belt, because direct crosscutting relations by thrust faults are rare. In southernmost Nevada and southeastern California, however, foreland basin deposits are extremely rare (see, Carr, 1983) . There, the time of thrusting and deformation is determined from locally present syntectonic deposits (Fleck et al., 1994) or by other methods, such as those presented here.
Thrust faults along the batholithic belt of the Sierra Nevada west of the Clark Mountains are located in a long, broad belt (the east Sierran thrust belt) that continues for over 200 km from the Owens Valley area into the north-central Mojave Desert ( Fig. 1 ; Dunne, 1986; Dunne et al., 1978; Walker et al., 1990) . Thrust faulting in the east Sierran thrust belt is complex in its age distribution. Deformation probably began prior to 185 Ma and continued to middle Cretaceous time with major movement between 165 and 140 Ma (Dunne, 1986; Dunne et al., 1978; Dunne and Walker, 1993) .
The Pachalka thrust slipped late in the history of the east Sierran thrust belt but early in the history of the Sevier thrust belt. For this reason, we consider the Pachalka thrust to be transitional in age as well as structural style between these two thrust systems. This may indicate that deformation in the western Cordillera at this latitude progressed from the arc margin into the foreland belt from Middle Jurassic to Early Cretaceous time, and that there was no significant temporal gap between arc magmatism and foreland deformations. In addition, the Ivanpah pluton intruded the foreland of a younger, still-to-be-formed part of the Sevier thrust belt in the Clark Mountains. The structures that deform the Ivanpah pluton also deform cratonal Paleozoic and Mesozoic rocks and their crystalline Precambrian basement: They lie east of and in the footwall of what could be considered the southern extent of the Sevier foreland fold and thrust belt. We interpret stratigraphic controls on the geometry of thrust faulting in the thrust belt areas northeast of the Clark Mountains to be lessened in the study area and southward due to the proximity of the magmatic arc and the accompanying increase in ductility of basement in the eastern Mojave region Davis, 1981, 1988) .
CONCLUSIONS
The Pachalka thrust carries granite dated at 146 Ϯ 2 Ma in its hanging wall. Folds and rocks carrying associated deformational fabric related to the thrust are cut by the Pachalka pluton dated at 142 Ϯ 7 Ma. The Pachalka thrust was active in latest Jurassic time and is not older as previously reported. Intrusion of the large Ivanpah pluton occurred at 147 Ϯ 7 Ma. Formation of the Kokoweef syncline and a large anticline, development of the Morning Star Mine shear zone and the structurally higher thrust, and the formation of the Kokoweef and South high-angle faults all postdate the intrusion of the Ivanpah pluton. These structures lie in the footwall of the Keaney/Mollusk Mine thrust, which is intruded by the Teutonia pluton at ca. 93 Ma. Dating of the Delfonte volcanic rocks at 100 Ma (Fleck et al., 1994) brackets all these post-Ivanpah pluton deformations to be Late Cretaceous.
The Clark Mountain thrust complex lies within the geographic transition from the Sevier thin-skinned thrust belt to southern Cordillera thrusts involving Precambrian basement and Mesozoic plutonic rocks. The transition appears related to interaction between the thrust belt and the coeval Cordilleran magmatic arc.
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